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© Surveillance apparatus with enhanced control of camera and lens assembly. 

© A surveillance device having a camera and lens loop digital motion control system is used to control 
assembly in which a condition of the assembly is the movable part and, therefore, the condition, 
controllable by a movable part and in which a closed 
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Background of the Invention 

This invention relates to a surveillance appara- 
tus and, in particular, to a surveillance apparatus to 
be used in a closed circuit television (CCTV) sys- 
tem. 

Present day CCTV systems use a variety of 
surveillance devices to monitor a location. Typical 
of these surveillance devices are video monitoring 
devices which employ a camera and lens assem- 
bly. This assembly is usually supported by a hous- 
ing which is fixedly mounted at the location. The 
housing is often closed off by a dome made of a 
plastic or other material. 

The camera and lens assembly of the surveil- 
lance device define a viewing axis along which the 
assembly views an image or scene at the location. 
The lens of the camera and lens assembly conveys 
the viewed image to an image pickup of the cam- 
era where it is converted into an electrical signal. 
This signal is then conveyed to a monitor at a 
central location for viewing by the CCTV system 
operator. 

Typically, the camera and lens assembly in a 
video surveillance device includes one or more 
movable parts whose positions control one or more 
conditions of the assembly. Adjusting mechanisms 
(e.g., motors, motor drive circuits and gearing ar- 
rangements) are further provided for adjusting the 
positions of the movable parts so as to alter or 
change the corresponding conditions of the assem- 
bly. 

A characteristic of the assembly which is con- 
trolled in this fashion is the aforementioned assem- 
bly viewing axis. Movable mountings which support 
the assembly in the housing permit the viewing 
axis to be tilted in a tilt direction (usually the 
vertical direction) and panned in a panning direc- 
tion (usually the horizontal direction). 

In addition to the pan and tilt conditions of the 
assembly, other conditions of the assembly con- 
trolled by movable parts are various conditions of 
the lens portion of the assembly. Typical of these 
conditions are the so-called focus, zoom and iris 
conditions of the lens assembly. 

The focus condition of the lens assembly de- 
termines the distance from the assembly at which 
an image captured by the lens assembly becomes 
sharply focused on the camera image pick-up. For 
a given distance, a sharp image corresponds to an 
in-focus condition and a blurry image an out-of- 
focus condition. 

The zoom condition of the lens assembly, on 
the other hand, determines the extent of the field of 
view of the assembly and the size of the images in 
the field. Fields of view of wide extent have smaller 
size images and correspond to wide angle con- 
ditions of the assembly, while fields of view of 
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smaller extent have larger image sizes and cor- 
respond to telephoto conditions of the assembly. 

The iris condition of the lens assembly deter- 
mines the level of light of the image being received 

s in the assembly. A fully open iris condition cor- 
responds to a maximum light level and a fully 
closed iris condition to a minimum light level. 

Each of the aforesaid focus, lens and iris con- 
ditions of the lens assembly is typically controlled 

w by a movable part in the form of a rotatable barrel 
situated along the lens axis. Rotation of a given 
barrel via a drive motor and gearing arrangement 
effects the desired change in condition. Similarly, 
motor and gearing arrangements are used to drive 

is the camera and lens assembly to effect the desired 
pan and tilt conditions. 

In many of the current surveillance devices, the 
movable parts for controlling the pan, tilt, zoom, 
focus and iris conditions are usually driven at fixed 

20 speeds. As a result, if the CCTV operator is trying 
to maintain the viewing axis on a moving object 
which is passing close to the surveillance device, 
the fixed speeds for the pan and tilt movable parts 
may not be fast enough to follow the motion. On 

25 the other hand, if the surveillance device is in a 
telephoto or zoomed-in condition, the same pan 
and tilt speeds may now be too fast and cause a 
large change in position. This makes it difficult to 
accurately position the viewing axis because the 

30 camera "overshoots" the image desired to be view- 
ed. In such case, the operator may have to al- 
ternate between right/left panning or up/down tilting 
several times before the viewing axis is on the 
desired image. 

35 Similar difficulties sometimes occur in setting 

the zooms focus and iris conditions of the assem- 
bly under various conditions. In particular, with the 
assembly in wide-angle condition and in high am- 
bient lighting (i.e., the iris is substantially closed 

40 and the zoom setting is at wide-angle), the mov- 
able part controlling the focus condition must be 
moved at a sufficiently fast speed to allow the 
operator to traverse the full focus range. However, 
under telephoto conditions and in a low-light envi- 

45 ronment (i.e., the iris is substantially open and the 
zoom condition is at telephoto), the same focusing 
speed may be too fast, making it difficult for the 
operator to properly focus on the subject. Typi- 
cally, the operator will have to alternate between 

so focus-near and focus-far several times (due to 
over-shooting the optimum focus setting) before a 
proper focus is achieved. This makes the adjusting 
process difficult and time consuming. 

In using the above-type of surveillance devices, 

55 there are usually one or more critical areas of the 
location in the viewing range of any device. These 
critical areas in a location might include the loca- 
tion entrance, the loading dock area of the location 
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or a cash register or a jewelry display area of the 
location. In response to certain events, the operator 
needs to access these "targets" with the surveil- 
lance device quickly and accurately. 

This is generally carried out by the operator 
manually adjusting controls to appropriately move 
the above-mentioned movable parts of the camera 
and lens assembly. However, making these adjust- 
ments is time consuming and, as a result, the 
operator may miss an image which has moved 
from the target area. 

There is also a requirement in above-type of 
surveillance devices to detect when the movable 
parts controlling the various, conditions (i.e.. titt, 
zoom, focus and iris) of the camera and lens as- 
sembly have reached their end-of-travel position 
(this is usually not required for the pan condition, 
since the movable part controlling this condition 
continuously moves and does not have an end-of- 
travel point). Failure to provide such end-stop or 
end-of-travel detection could result in damage to 
the respective drive motor and/or gear arrangement 
when the part in question impacts the end of travel 
mechanical stop. In present devices, there are 
three techniques used for end-stop detection. 

The first technique uses two switches per mov- 
able part (one at each end of travel), which are 
mechanically activated as the part approaches the 
end stop. This technique is disadvantageous due to 
the cost of the switches, the necessity to adjust the 
switches at time of assembly, and the reliability of 
the switches. 

The second technique uses a slip-clutch as- 
sembly so that when the part impacts the end stop, 
the clutch resistance is overcome and the drive 
motor continues to operate (is not forced to an 
abrupt stop), although the movement has stopped. 
This approach suffers from the same shortcomings 
as the switch technique, i.e., high cost, adjustment, 
and the reliability of the clutch adjustment over 
time. 

The third technique detects the increase in 
drive motor current that occurs when the end-stop 
is hit by the moving part which is forced to an 
abrupt stop. This technique is disadvantageous in 
that damage can occur to the motor and gear 
arrangement, since it allows the end-stop to be 
impacted. 

A surveillance device which offers improve- 
ments over the above more conventional surveil- 
lance devices is disclosed in U.S. patent 4,945,367 
issued in the name of Blackshear. In the Black- 
shear patent, the pan, tilt, focus, zoom and iris 
conditions of the camera and lens assembly are 
controlled by an on-board computer. The on-board 
computer provides control voltages to the focus, 
zoom and iris functions and to the pan and tilt 
functions. These functions, in turn, provide feed- 



back data to the computer. 

Blackshear also discloses the use at the oper- 
ator console of a joystick which undergoes x-y 
movement for sending pan and tilt control informa- 

5 tion to the on-board computer for changing the pan 
and tilt functions. The operator can also provide to 
the on-board computer zoom control information 
via a rotatable knob on the joystick and focus and 
iris control formation via switches on the control 

ro panel. Blackshear teaches that the pan and tilt 
movement rates are proportional to the x-y move- 
ment of the joystick so that the camera can be 
moved slowly to track slow moving objects, quickly 
to move to a desired scene, or variably to track 

15 variable speed objects. 

The Blackshear patent also teaches that the 
on-board computer can operate the camera and 
lens assembly in an automatic mode in which it 
moves the assembly through a sequence of set 

20 targets. The computer stores the pan, tilt, focus, 
zoom and iris settings for each of these targets and 
causes these to be established for a target as the 
assembly is moved to the target. Also mentioned is 
that if an alarm condition occurs, the on-board 

25 computer can move the camera and lens assembly 
directly to the alarm area. Blackshear states that 
this can be done at high slew rates for the pan and 
tilt motion because of the kinematic balance of the 
components of the camera and lens assembly. 

30 The Blackshear patent thus overcomes certain 
of the disadvantages of the above-discussed more 
conventional surveillance devices which use cam- 
era and lens assemblies. However, a number of 
these disadvantages still remain. 

35 It is therefore an object of the present invention 

to provide a surveillance apparatus of the above- 
type in which control of the movement of the parts 
of the device is more efficiently and accurately 
accomplished. 

40 It is a further object of the present invention to 

provide a surveillance device of the above-type in 
which the movement of the movable parts of the 
device is accomplished smoothly and without 
abrupt starts and stops. 

45 It is also an object of the present invention to 
provide a surveillance device of the above-type 
with improved end stop control of the movable 
parts. 

It is yet a further object of the present invention 
so to provide a surveillance device of the above-type 
with improved focus and zoom control. 

It is also an object of the present invention to 
provide a surveillance device of the above-type 
with improved program control. 

55 

Summary of the Invention 

In accordance with the principles of the present 



3 



5 



EP 0 525 482 A2 



6 



invention, the above and other objectives are re- 
alized in a surveillance apparatus comprising a 
camera and lens assembly which is movable at 
least in part to control a condition of the assembly 
and, in which, a closed loop digital motion control 
means or system, responsive to the movable part 
of the assembly, is provided to control the movable 
part and, therefore, the corresponding condition of 
the assembly. In further accord with the invention, 
the closed loop control system, preferably controls 
the movable part using a pulse width modulation 
(PWM) signal so that highly accurate, efficient and 
smooth control can be achieved. 

More particularly, by using the closed loop 
digital motion control means with PWM signalling, 
the acceleration of the movable part can be varied 
over a wide range of speeds. The movable part 
being controlled can thus be made to start and 
stop or change from one speed to another without 
any abrupt movements. This is preferably accom- 
plished by the closed loop means gradually chang- 
ing the speed of the movable part in realizing the 
desired movement 

The closed loop system is also adapted to 
store end stop positions for a movable part. By 
comparing the current position of the movable part 
with these stored end stop positions, the movable 
part can thus be easily and accurately stopped at 
the end stop positions. 

Where movable parts of the assembly are used 
to control the pan and tilt conditions of the assem- 
bly and the assembly also includes a movable part 
for controlling the zoom condition of the assembly, 
the closed loop system of the invention can be 
adapted to be responsive to the zoom condition of 
the assembly when adjusting the movable parts 
controlling the pan and tilt conditions. 

Where the movable part of the assembly con- 
trols the focus condition of the assembly and the 
assembly also includes movable parts for control- 
ling the iris and zoom conditions of the assembly, 
the closed loop system can be additionally adapted 
to be responsive to the iris and zoom conditions of 
the assembly in adjusting the movable part control- 
ling the focus condition. 

The closed loop system may also comprise a 
program controlled processor and a memory for 
storing the processor program. This memory can 
be selected to be electrically reprogrammable from 
remotely of the surveillance apparatus. 

In the embodiment of the invention to be dis- 
closed hereinafter, the camera and lens assembly 
includes a movable part for controlling each of the 
pan, tilt, focus, zoom and iris conditions of the 
assembly. The closed loop control system includes 
a plurality of central processors and dedicated digi- 
tal signal processors which cooperate to provide 
closed loop digital control of the movable parts. 



The closed loop system also includes a plurality of 
control algorithms or programs which can be ac- 
cessed by the central processors and digital signal 
processors to provide various speed control char- 
s acteristics. 

Brief Description of the Drawings 

The above and other features and aspects of 
70 the present invention will become more apparent 
upon reading the following detailed description in 
conjunction with the accompanying drawings, in 
which: 

FIG. 1 shows a CCTV system utilizing a surveil- 
75 lance apparatus in accordance with the princi- 
ples of the present invention; and 
FIG. 2 shows in greater detail a block diagram 
of the surveillance apparatus of FIG. 1. 

20 Detailed Description 

As shown in FIG. 1 , a CCTV system comprises 
an operator console 2 having a control panel 3 and 
a monitor 4. Signals pass between the operator 

25 console 2 and a plurality of surveillance devices 6 
over a communications channel 5. 

The surveillance devices 6 each include a 
camera and lens assembly 7. Each camera and 
lens assembly 7 views an area of a location 8 

30 which is remote from the operator location and is in 
the field of view 7A and along the viewing axis 7B 
of the assembly. Each image is converted by the 
respective camera and tens assembly 7 into an 
electrical video signal which is supplied to the 

35 operator console 2 over the communications chan- 
nel 5. 

As shown, each surveillance device 6 com- 
prises an upper housing 9 which is fixedly secured 
to the location 8 and to which the camera and lens 

40 assembly 7 is mounted. A dome-like cover 11 
closes the open end of the housing and is of a 
character which permits the passage of light so 
that the enclosed assembly 7 can view the location. 
FIG. 2 shows in greater detail a block diagram 

45 of the components of the camera and lens assem- 
bly 7. As shown, the assembly comprises a station- 
ary platform 21 which can be formed as part of the 
housing 9. A further platform 22 is rotatably moun- 
ted to the platform 21. The platform 22 supports a 

so video camera 23 and a motorized lens assembly 
24. The latter components are mounted along a 
common axis and define the aforementioned field 
of view 7A and viewing axis 7B of the assembly. 
Power and various other control signals are routed 

55 from the stationary platform 21 to the rotating plat- 
form 22 via a slip ring assembly 25. The slip ring 
assembly 25 includes a brush-block/rotor contact 
assembly which allows the rotating platform to 
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rotate freely, without concern for any direct wiring 
becoming twisted. 

A first printed circuit board on the stationary 
platform 21 includes a central processing unit 
(CPU) 26, an electrically erasable programmable 
read only memory (EEPROM) 27 or any non-vola- 
tile memory, a digital signal processor (DSP) 28, a 
pan motor drive circuit 29A, an encoder 31 , assem- 
bly interface circuits 32 and power supply 33. The 
drive circuit 29A drives a pan motor 29 which 
causes rotational movement of the platform 22 and 
thus panning of the viewing axis 7B of the assem- 
bly. 

A second printed circuit board is provided on 
the rotating platform 22. This circuit board includes 
a CPU 41, an EEPROM 42 a DSP 43, a tilt motor 
drive circuit 44A, an encoder 45, focus motor, 
zoom motor and iris motor drive circuits 46 A, 47A 
and 48A and associated encoders 49, 50 and 51, 
respectively. The tilt drive circuit 44A drives a titt 
motor 44 for tilting the platform 22 and providing 
tilting of the viewing axis 7B of the assembly. The 
focus, zoom and iris circuits 46A, 47A and 48A 
drive corresponding motors 46, 47 and 48 which 
rotate associated barrel-like sections 24A f 24B, 24C 
of the lens 24 for controlling the focus, zoom and 
iris conditions of the lens and, therefore, the as- 
sembly. 

As shown, the interface circuit 32 includes a 
low voltage AC Power In port, a Data In/Out port, a 
Video Sync In port, and a Video Out port. These 
ports are coupled to the communication channel 5. 
The interface 32 also includes Auxiliary Input and 
Auxiliary Output ports which connect to auxiliary 
devices. 

AC power is routed by the interface 32 to the 
power supply 33 and is used by the supply to 
develop a 12 VDC and a 5 VDC signal. The power 
supply 33 is typically a switching type supply, 
providing a stable output over a wide range of input 
voltages. This ensures that assembly 7 will function 
under varying power-line conditions and with vary- 
ing lengths of cable. DC power from the supply 33 
is distributed to both printed circuit boards and the 
camera 23. 

The Data In/Out ports of the interface 32 pro- 
vides bi-directional, digital serial communications 
between the operator console 2 and the assembly 
7 over the channel 5. Commands are sent to the 
assembly 7 based on operator input at the console. 
The assembly 7, in turn, can transmit data to the 
console 2 if requested, or it can send un-solicited 
data such as auxiliary alarm input activations. 

The Video Sync In port is an optional port and 
is used to synchronize the assembly to a master 
sync in so called "Gen-Locked" fashion, if desired. 
The Video Out port delivers the composite video 
output from the camera 23. The Auxiliary Inputs 



allow the assembly 7 to be connected to simple 
"open/close n type switches, or to intrusion alarm 
devices that have relay type outputs. When the 
assembly 7 detects the activation of these external 

5 devices, it sends the data over the Data In/Out port 
to the operator console 2 for further processing. 
The Auxiliary Outputs can control external devices 
such as lights, sirens, door locks, etc. at the loca- 
tion 8. This is accomplished through high power 

io interface circuits such as solid state relays that are 
external to the assembly and not shown. 

The CPU 26 sends and receives high speed 
data from the operator console 2 (via the Data 
In/Out port and the system interface circuit 32), 

T5 processes any commands from the operator con- 
sole, re-formats and forwards commands to CPU 
41 on the rotating platform 22, and controls the pan 
operation of the motor 29 via DSP 28. DSP 28 is 
specifically designed to interface with the pan drive 

20 circuit 29A and the incremental encoder 31 to 
provide full closed loop digital motion control of the 
pan motor 29 and, therfore, the panning condition 
i.e., the panning of the viewing axis 7B, of the 
assembly 7. 

25 DSP 28 receives input commands from CPU 

26 over a data bus 26A which may be formed as 
an 8-bit bi-directional multiplexed address data 
bus. DSP 28 also receives pan position feedback 
from the incremental encoder 31 which is mechani- 

30 calfy linked to the pan motor, and provides position 
information in the form of quadrature outputs. The 
encoder feedback is decoded by the DSP 28 into 
quadrature counts and a 24 bit counter on the DSP 
keeps track of pan position. The DSP 28 then 

35 compares the desired position (or velocity) to the 
actual position (or velocity) and computes a com- 
pensated motor control signal for the pan motor 29 
using a programmable digital filter also included in 
the DSP. The pan motor control signal developed 

40 by DSP 28 is preferably a PWM signal where the 
pulse width or duty cycle controls the speed/torque 
performance of the pan motor. 

The CPU 41, DSP 43, tilt motor drive circuit 
44A and encoder 45 perform functions similar to 

45 those of CPU 26, DSP 28, pan motor drive circuit 
29A and encoder 31 to control the tilt motor 44 
and, hence, the tilt condition i.e., tilt position of axis 
7B, of the assembly 7. Likewise CPU 41, drive 
circuits 46A, 47A and 48A and encoders 49, 50 and 

so 51 similarly control the positions of focus, zoom 
and iris motors, 46, 47 and 48 and, hence, the 
focus, zoom and iris conditions of the assembly 7. 
Thus, the movable parts of the assembly affecting 
these conditions (pan, tilt, focus, zoom and iris) are 

55 each controlled by a respective closed loop digital 
motion control system using PWM signal control. 

In providing closed loop motion control, the 
DSP 28, under control of CPU 26, the DSP 43, 
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under control of CPU 41 and based on commands 
from CPU 26, and the CPU 41 based again on 
commands from the CPU 26 can each execute any 
one of four control programs or algorithms. The 
particular program executed will depend upon the 
control to be exercised over the movable part and, 
therefore, the drive motor, being controlled. 

A first control algorithm, designated Position 
Control, determines the point-to-point position dif- 
ferences between a desired position of a movable 
part (as converted into a desired position of its 
drive motor) and the actual position of the movable 
part (based on the actual position of the drive 
motor) and generates a PMW signal for moving the 
part via the drive motor to maintain the original 
position (this is done without velocity profiling). 
This algorithm basically keeps the movable part at 
the "stopped" position, even if an external force 
(such as gravity) attempts to move it. 

A second control algorithm, designated Integral 
Velocity Control, performs continuous velocity pro- 
filing for a movable part. This is specified by a 
command velocity and a command acceleration. 
Velocity and acceleration of a movable part can be 
changed at any time to continuously profile velocity 
in time. Once the specified command velocity is 
reached, it will be maintained until a new command 
is specified. Changes between actual velocities oc- 
cur at the presently specified linear command ac- 
celeration. This algorithm provides for variable 
speed operation of a movable part of assembly 7, 
where the part accelerates at a specified rate to a 
desired increase in speed and decelerates at a 
specified rate to a desired decrease in speed. This 
allows the system operator to send from the con- 
sole 2 to the assembly 7 a series of discrete speed 
commands which will be integrated so that the 
transitions from one speed to the next appear very 
smooth. 

A third control algorithm, designated 
Trapezoidal Profile Control, performs point-to-point 
position moves of a movable part of the assembly 
7 and profiles the velocity trajectory to a trapezoid 
or triangle. The desired final position, the accelera- 
tion and the maximum velocity are specified by the 
CPU 26 or 41 based upon command data from the 
system operator. The necessary profile is then 
computed by the DSP 28 or 43 or the CPU 41 to 
conform to the command data. If maximum velocity 
is reached before the distance halfway point, the 
profile will be trapezoidal, otherwise the profile will 
be triangular. 

This algorithm provides for moving the mov- 
able parts of the assembly 7 so the assembly can 
view a target or pattern of targets, where the cur- 
rent position is known and the movable part must 
move to the desired position. This allows the oper- 
ator at the console 2 to send the desired target 



command to the assembly 7, where a point-to-point 
profile will then be computed for each movable part 
required to be moved to bring the assembly to the 
target. Each profile will cause the respective part to 

5 be accelerated by its respective drive motor to a 
maximum velocity and then decelerated by the 
drive motor to a stop at the desired position. 

A fourth control algorithm, designated Propor- 
tional Velocity Control, performs control of motor 

10 speed and, therefore, the speed of the correspond- 
ing movable part, using only the gain factor for 
compensation, and does not attempt to maintain a 
specified speed. This algorithm can be used to 
provide qualitative information about the mechanics 

75 of a movable part and its corresponding motor. 
Used as a diagnostic function, this algorithm can 
be used by the CPUs and DSPs to determine the 
existence and location of any "rough" spots in the 
movement of a movable part. 

20 As above-indicated, the EEPROM 27 connect- 
ed to CPU 26 can be erased and re-programmed 
directly by CPU 26. The EEPROM 27 contains the 
programs (i.e., the program code) and possibly 
other information relative to the surveillance device 

25 6. This other information might contain the serial 
number, date of manufacture, the model type of 
the camera 23 and lens 24, the revision levels of 
other components of the device 6 and even the 
dates and specifics of any field modifications per- 

30 formed on the device. Since CPU 26 can erase and 
re-program the EEPROM 27, the operator at con- 
sole 2 can "upload" new programs or modification 
to existing programs for operating the surveillance 
device 6, providing an efficient way to fix program 

35 code bugs or to add new program features. 

The batteries 26B and 41 A associated with 
CPUs 26 and 41 provide several hours of non- 
volatile RAM memory to each CPU. This avoids, in 
the case of CPU 26, the need to "up-load" records 

40 such as target, pattern and boundary coordinates in 
the event that AC power is momentarily lost. 

As above-indicated, the CPU 41 receives data 
from CPU 26 (via the slip-ring assembly) and pro- 
cesses commands from CPU 26, to control the 

45 operation of the zoom, focus and iris motors 46, 47 
and 48 and to control the operation of the tilt motor 
44 via the DSP 43. The tilt condition of the assem- 
bly 7 is thus controlled with a dedicated DSP as is 
the pan condition, while the zoom, focus and iris 

so conditions are controlled directly by a CPU (the 
CPU 41 in the present case). This configuration 
reduces the overall cost of the surveillance device 
6, but still ensures the more precise control re- 
quired of the pan and tilt movable parts. Alter- 

55 natively, a dedicated DSP could be used to control 
each of the zoom, focus and iris conditions of the 
assembly 7 to provide a greater degree of perfor- 
mance at the additional expense of the added 
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DSPs. 

As can be appreciated, with the surveillance 
device 6 configured as described above, the ve- 
locity of each of the movable parts associated with 
the various conditions of the device 6 can be 
controlled to provide a wide range of operational 
speeds. Variable speeds provide the operator at 
the console 2 with a more natural and effective 
means of controlling the surveillance device. For 
example, the velocity of the pan movement can 
now be made fast enough for the operator to follow 
a subject walking at a fast pace close to the 
surveillance device. The velocity of such pan 
movement can also be made slow enough for the 
operator to precisely position the device on a spe- 
cific target located far from the device, with the 
device in a zoomed-in condition. 

Velocity of a movable part of the device 6 can 
be controlled by the operator at the console 2 in a 
number of ways. In a first technique, a different 
signal is sent from the console as a control position 
is changed. An example of this type of control is a 
"joy stick" or "x-y platform" type of control 3 A at 
the console. This type of control sends out a dif- 
ferent speed signal to the device 6 as its angle of 
deflection or x-y displacement is increased or de- 
creased. 

A second technique uses a simple switch con- 
trol 2c. Initial pressing of the switch results in a 
signal at the device 6 indicative of a relatively slow 
control speed for the movable part. However, if the 
switch is held down, the resultant signal causes the 
control speed to be gradually increased to some 
maximum speed. If a large change in position is 
desired, depressing and holding the switch pro- 
vides a signal, which causes a ramping-up of the 
control speed to it's maximum rate. If a small 
change in position is desired, quickly pressing and 
releasing the switch signals a slow control speed, 
providing better accuracy. 

Additionally, with the surveillance device 6 con- 
figured as above, the acceleration of the movable 
parts controlling the device conditions can be con- 
trolled so that the parts move smoothly over a wide 
range of speeds and have "soft" starts and stops. 
Smooth operation is achieved via the algorithms 
discussed above by gradually changing (ramping) 
a speed of a movable part from a current speed to 
a new speed instead of jumping from the current 
speed to the new speed. Likewise, soft starts are 
realized by ramping the speed from a stopped 
condition to the desired speed, while soft stops are 
achieved by gradually slowing or decreasing the 
speed to a stopped condition. This approach mini- 
mizes wear and allows the use of smaller, lighter 
weight motors and gearboxes. 

Another important advantage of the surveil- 
lance device 6 is that the CPU 26 is aware of the 



precise position information concerning the assem- 
bly conditions, i.e., it "knows" the position of the 
viewing axis 7B of the camera and lens assembly 7 
(pan and tilt positions) and it knows what the zoom, 
5 focus and iris settings are. The CPU 26 can thus 
use this positional information for implementing a 
number of unique features of the surveillance de- 
vice 6 described below. 

io 1. Intelligent End-Stop Detection 

The CPU 41 of the device 6 is further adapted 
to utilize the above-discussed closed loop control 
of the movable parts of the assembly 7 to provide 

75 unique end-stop detection and end-of-travel stop- 
ping of the movable parts. At start-up, the CPU 41 
causes each part controlling the tilt, zoom, focus 
and iris conditions of the assembly 7 to be slowly 
driven to one end of their respective path of travel. 

20 This position is considered the calibration or home 
position of the part and is stored in memory. The 
CPU 41 then drives each part to its respective 
opposite end-of-travel and stores this position as 
the part's maximum travel position. In effect, the 

25 CPU 41 thus learns the range of travel of each 
movable part at power-up. 

With these learned positions, during operation 
of the surveillance device 6, the CPU can ensure 
that each movable part of the assembly 7 is not 

30 driven beyond its home or end-of-travel position by 
comparing present position data with the stored 
data related to these positions. As a result, with the 
surveillance device 6, end-stop protection can be 
achieved readily and accurately without the need 

35 for switches, slip clutches or current detection. 

2. Zoom Proportional Pan/Tilt Control 

In this case, the CPU 26 and CPU 41 take into 
40 account the current position of the movable part 
controlling the zoom condition of assembly 7 and 
then appropriately scale the speeds of the movable 
parts controlling the pan and tilt positions of the 
assembly. If the movable part controlling zoom has 
45 a position indicating a wide-angle zoom condition 
or setting, the pan and tilt speeds will be scaled 
toward faster speeds, allowing the camera and lens 
assembly 7 to be moved and positioned quickly. If 
the position of the movable part controlling zoom 
50 indicates a telephoto condition or setting, the pan 
and tilt speeds will be scaled toward the slower 
speeds, allowing the assembly 7 to be precisely 
positioned. 

55 3. Depth of Field (Zoom and Iris) Proportional Fo- 
cus Control 

The CPU 41 in this situation takes into account 
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the current positions of the movable parts control- 
ling the zoom and iris conditions and then appro- 
priately scales the speed of the movable part con- 
trolling the focus condition of the assembly. Under 
brite-light conditions and a large depth-of-field (i.e., 
the iris is substantially closed and the zoom is at 
wide angle or zoomed -out), the focus range is less 
critical. Accordingly, the CPU 41 adjusts the speed 
of the movable part controlling focus such that fast 
focusing speeds are realizable. This allows the full 
focus range to be quickly traversed to achieve an 
in-focus condition. 

Under low-light conditions and a shallow depth- 
of-field (i.e., the iris is substantially opened and 
zoom is at telephoto or zoomed-in), the focus 
range is more critical. Accordingly, in this case, the 
CPU 41 causes the movable part controlling focus 
to take on slower speeds, allowing for precise 
focusing of the object. In this case also, if the focus 
condition is significantly out-of-adjustment, the 
slower control causes the time for adjusting focus 
to be long. Accordingly, the CPU 26 is further 
adapted to be able to "ramp-up" the speed after an 
initial slow speed so that the adjustment process 
can be carried out more quickly. 

4. Faster, More Accurate Targets or Presets (Point- 
to-Point Moves) 

As above-indicated, a target is a specific image 
in the location 8 and requires the surveillance de- 
vice 6 to take on specific pan, tilt, zoom, iris and 
focus conditions. Once these conditions are de- 
fined, a target can be called -up manually by the 
operator at the console 2, or automatically by the 
console 2 (based on some external event). Fast 
and accurate target acquisition is thus achievable 
with the device 6. 

In particular, due to the closed-loop control, 
home-up (or calibration) of a target is required only 
once at power-up. This characteristic, in combina- 
tion with accurate positional information, velocity 
control, and acceleration control, enables the de- 
vice 6 to access targets very quickly. The device 6 
achieves this by starting each movable part re- 
quired to be moved to reach a target at a slow 
speed, quickly accelerating the part to a much 
higher speed, then decelerating the part to a slow 
speed before coming to a complete stop at the 
desired target. This is accomplished by using the 
above-discussed trapezoidal profile control with the 
above-discussed integral velocity and acceleration 
control. 

More particularly, the speed of a part is slowly 
and smoothly increased from stand-still to a maxi- 
mum speed. Maximum speed is then maintained 
for an appropriate time. A controlled deceleration is 
then carried out gradually and smoothly slowing 



the speed- of the part to bring the part to a com- 
plete stop. Smooth operation thus results even to 
the extent of overcoming mechanical irregularities 
in the movable parts. 

5 Also, position accuracy is maintained regard- 

less of the irregularities and outside forces. In this 
way, a target is reached in the fastest way possible 
with a minimum of stress on the driving motor and 
associated gearing. The result is that for a worst- 

w case target move (180* of pan travel), the target 
can be reached in less than 1 second where con- 
ventional devices might take 8 or more seconds. 

In all cases it is understood that the above- 
described arrangements are merely illustrative of 

75 the many possible specific embodiments which 
represent applications of the present invention. Nu- 
merous and varied other arrangements, can be 
readily devised in accordance with the principles of 
the present invention without departing from the 

20 spirit and scope of the invention. 

Claims 

1. Apparatus comprising: 

25 camera and lens assembly means for use 

in a CCTV system, said assembly means be- 
ing movable at least in part to control at least 
one condition of said assembly means; 

and a closed loop digital motion control 

30 means responsive to the state of said movable 

part for controlling said movable part so as to 
control said one condition. 

2. Apparatus in accordance with claim 1 further 
35 comprising: 

a housing for supporting said assembly 
means so as to permit movement of at least 
said movable part; 

and a dome like-member removably at- 
40 tachable to said housing so as to enclose said 

assembly. 

3. Apparatus in accordance with claim 2 wherein: 

said dome like member is a part of a 
45 sphere in shape. 

4. Apparatus in accordance with claim 1 wherein: 

said closed loop digital motion control 
means generates a pulse width modulation 
so (PWM) signal for controlling said movable part. 

5. Apparatus in accordance with claim 4 wherein: 

said closed loop digital motion control 
means senses the state of said movable part 
55 and said closed loop digital motion control 

means compares said detected state of said 
movable part with a desired state to develop 
said PWM control signal. 
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6. Apparatus in accordance with claim 5 wherein: 

said movable part includes a motor for 
moving said movable part; 

and said PWM control signal is applied to 
said motor. 

7. Apparatus in accordance with claim 6 wherein: 

said closed loop digital motion control 
means monitors said motor to sense the state 
of said one condition. 

8. Apparatus in accordance with claim 1 wherein: 

said control of said movable part by said 
closed loop digital motion control means in- 
cludes the ability to vary the speed of move- 
ment of said movable part over a range of 
speeds. 

9. Apparatus in accordance with claim 8 wherein: 

said movable part is to be moved from a 
first position to a second position; 

and the variation of the speed of said 
movable part effected by said closed loop digi- 
tal motion control means in controlling the 
movable part in moving from said first to sec- 
ond positions follows a preselected speed pro- 
file characteristic. 

10. Apparatus in accordance with claim 9 wherein: 

said speed profile characteristic provides 
relatively smooth increase in speed for said 
movable part from said first position to a maxi- 
mum speed and a relatively smooth decrease 
in speed from said maximum speed to bring 
said movable part to said second position. 

11. Apparatus in accordance with claim 10 
wherein: 

said speed profile characteristic further 
provides maintaining said maximum speed for 
a preselected time before decreasing said 
speed. 

12. Apparatus in accordance with claim 10 
wherein: 

said first and second positions are rest 
positions. 

13. Apparatus in accordance with claim 8 wherein: 

said control of said movable part by said 
closed loop digital motion control means fur- 
ther includes the ability to provide preselected 
accelerations of said movable part. 

14. Apparatus in accordance with claim 1 wherein: 

said movable part has end stop positions 
related to the end-of-travel positions of said 
movable part; 



said closed loop digital motion control 
means stores said end stop positions in a 
memory and utilizes said stored end stop posi- 
tions during control of said movable part to 
5 stop the movement of said movable part by 

the time said movable part reaches said end- 
of-travel positions. 

15. Apparatus in accordance with claim 1 wherein: 
to said lens and camera assembly means 

define a view axis along which an image can 
be viewed and a zoom condition which is de- 
terminative of the size of the image and extent 
of the field of view to be viewed; 
75 said condition controlled by movement of 

said movable part is the direction of said view 
axis; 

and said closed loop digital motion control 
means is responsive to said zoom condition 
20 when controlling said movable part to control 

the direction of said view axis. 

16. Apparatus in accordance with claim 15 
wherein: 

25 said closed loop digital motion control 

means controls the speed of said movable part 
such that for zoom conditions indicative of 
images of increased size and field of views of 
lesser extent said closed loop digital motion 

30 control system selects decreased speeds for 

said movable part. 

17. Apparatus in accordance with claim 1 wherein: 

said camera and lens assembly define a 
35 view axis for viewing an image, a focus con- 

dition indicative of the degree to which said 
image is in-focus in said camera and lens 
assembly, a zoom condition indicative of the 
size of the image and the extent of the field of 
40 view of said camera and lens assembly and an 

iris condition indicative of the level of light 
received in said camera and lens assembly, 

said condition controlled by said movable 
part is the focus condition of said camera and 
45 lens assembly, 

and said closed looped digital motion con- 
trol means is responsive to said zoom con- 
dition and said iris condition in controlling said 
movable part to control said focus condition. 

50 

18. Apparatus in accordance with claim 17 
wherein: 

said closed loop digital motion control 
means controls said movable part to have 
55 slower speeds for iris conditions indicative of 

lower light levels and zoom conditions indica- 
tive of images of larger size and fields of view 
of lesser extent. 
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19. Apparatus in accordance with claim 18 
wherein: 

when said focus condition is indicative of a 
relatively large deviation from a desired focus 
condition, said closed loop digital motion con- 
trol means controls the speed of said movable 
part to be initially at said slower speeds and 
then at increased speeds. 

20. Apparatus in accordance with claim 1 wherein: 

said closed loop digital motion control 
means includes memory means for storing 
program means for controlling said closed loop 
digital motion control means and means re- 
sponsive to means remote from said apparatus 
for receiving program means from said remote 
means for storing in said memory means. 

21. Apparatus in accordance with claim 20 
wherein: 

said memory means comprises one of an 
EEPROM and a non-volatile RAM. 

22. Apparatus in accordance with claim 1 wherein: 

said condition is one of the pan, tilt, focus, 
iris and zoom conditions of said assembly. 

2a Apparatus in accordance with claim 1 wherein: 
said assembly includes a movable part for 
controlling each of pan, tilt, zoom, focus and 
iris conditions of said assembly; 

and said closed loop digital motion control 
means is responsive to the state of each of 
said movable parts for controlling said movable 
parts so as to control said conditions 



28. Apparatus in accordance with claim 27 
wherein: 

said closed loop digital control means fur- 
ther comprises a digital processing means re- 
s sponsive to said central control unit for control- 

ling said movable part. 

29. Apparatus in accordance with claim 28 
wherein: 

io said closed loop digital motion control 

means includes memory means for storing one 
or more speed profile characteristics; 

and said central processing unit selectively 
causes said digital processing means to use a 

75 particular one of said speed profile characteris- 

tics in controlling said movable part. 

30. A method for operating an apparatus as de- 
fined in claims 1-29, 

20 

characterized by 

providing a camera and lens assembly which 
is movable at least in part to control at least 
25 one condition of said assembly; and in re- 

sponse to the state of said moveable part, 
controlling said movable part using a closed 
loop motion control system so as to control 
said one condition. 

30 



35 



24. Apparatus in accordance with claim 23 
wherein: 

said closed loop digital motion control 
means includes a closed loop digital motion 40 
control system for controlling each of said 
movable parts. 

25. Apparatus in accordance with claim 24 
wherein: 45 

said closed loop digital motion control sys- 
tem shares one or more common components. 

26. Apparatus in accordance with claim 1 wherein: 

said closed loop digital motion control 50 
means includes a central processing unit for 
receiving commands from a remote operator 
means. 



27. Apparatus in accordance with claim 26 further 55 
comprising: 

a remote operator means for transmitting 
commands to said central processing unit. 
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